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CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention relates to methods for the expression of sucrose 

phosphate synthase encoding sequences alone or in cooperation with sugar 
metabolizing enzyme sequences to modify the soluble solids in plant 
fruit tissue. Depending on whether sense or antisense sequences are 
used, the method permits an increased or decreased sweetness in plant 
fruit tissue, such as tomato fruit. 

DETD ... in certain tissues or under certain growth conditions, include 
those from napin, seed or leaf ACP, zein, and the like. Fruit 
specific promoters are also known, one such promoter is the E8 
promoter, described in Deikman et al . (1988) EMBO J. 2:3315-3320;. 
and DellaPenna et al . (1989) Plant Cell 1:53-63, the teachings of which 
are incorporated herein by reference. An E8-SPS construct (fruit 
-specific promoter) will express SPS in a fruit- 
specific manner, whereby the levels of sucrose produced in the 
fruit may be elevated. If coupled with antisense acid invertase 
, the increase in sucrose would be maintained. This is a particular 
issue in tomatoes where acid invertase present in the fruit 
drives the production of glucose and fructose from sucrose. 

DETD ... by glucose and fructose being higher than sucrose . The SPS 
activity and sugar content data indicate that the endogenous acid 
invertase found in ripening tomato fruit contributed to the 
observed increases in glucose and fructose. Acid levels in the 
fruit-specific E8/SPS constructs also were observed, 

correlating acid content to an increase in sugar content. These data 
collectively show that SPS. 

DETD . . . fruit. The data of Table 18 and 19 demonstrate that increased 
SPS activity from transgenic expression in fruit by a fruit 
specific promoter can produce an overall net increase in sugars 
in the fruit. Due to the endogenous acid invertase found in 
ripening tomato fruit, increases in sugar are found in glucose and 
fructose . 

CLM What is claimed is: 

its genome a first DNA construct comprising, as operably linked 



components in the 5' to 3' direction of transcription, a fruit 
specific promoter and a DNA sequence encoding sucrose phosphate 
synthase; and a second DNA construct comprising as operably linked 
components in. . . 5 ' to 3 ' direction of transcription, a promoter 
functional in a plant fruit cell and a DNA sequence encoding acid 
invertase, wherein said sucrose phosphate synthase and said acid 
invertase are produced in said plant fruit, whereby said amount 
of sweetness of plant fruit is increased as compared to the. 

its genome a first DNA construct comprising, as operably linked 
components in the 5* to 3 ' direction of transcription, a fruit 
specific promoter and a DNA sequence encoding sucrose phosphate 
synthase; and a second DNA construct comprising, as operably linked 
components in. . . 5 1 to 3 1 direction of transcription, a promoter 
functional in a plant fruit cell and a DNA sequence encoding acid 
invertase, wherein said DNA sequence encoding acid 
invertase is in the antisense orientation, whereby the amount of 
sweetness of said plant fruit is decreased as compared to the. 

construct, said first DNA construct comprising, as operably linked 
components in the 5' to 3' direction of transcription, a first 
fruit specific promoter and a DNA sequence encoding 

sucrose phosphate synthase; and said second DNA construct comprising, as 

operably linked components in the 5' to 3' direction of transcription, a 

second fruit specific promoter, and a DNA sequence 

encoding acid invertase to produce plant fruit, wherein both 

said first fruit specific promoter and said second 

fruit specific promoter function simultaneously, 

whereby the amount of sweetness of said plant fruit is increased as 
compared to plant fruit of . 

construct, said first DNA construct comprising, as operably linked 
components in the 5 • to 3 ' direction of transcription, a first 
fruit specific promoter, and a DNA sequence encoding 

sucrose phosphate synthase; and said second DNA construct comprising, as 
operably linked components in the 5' to 3' direction of transcription, a 
second fruit specific promoter and a DNA sequence 
encoding an acid invertase, wherein said first fruit 
specific promoter and second fruit specific 
promoter are functional in said plant fruit cell. 

its genome a first DNA construct comprising, as operably linked 
components in the 5' to 3' direction of transcription, a fruit 
specific promoter and a maize DNA sequence encoding a 

polypeptide having sucrose phosphate synthase activity; and a second DNA 

construct comprising. . . 5' to 3' direction of transcription, a 

promoter functional in a plant fruit cell and a DNA sequence encoding 

acid invertase, wherein said polypeptide having sucrose 

phosphate synthase activity and said acid invertase are 

produced in said plant fruit, whereby said amount of sweetness of a 

plant fruit is increased as. compared to. 

its genome a first DNA construct comprising, as operably linked 
components in the 5' to 3 ' direction of transcription, a fruit 
specific promoter and a maize DNA sequence encoding a 

polypeptide having sucrose phosphate synthase activity; and a second DNA 
construct comprising,. . . 5 1 to 3 1 direction of transcription, a 
promoter functional in a plant fruit cell and a DNA sequence encoding 
acid invertase, wherein said DNA sequence encoding acid 
invertase is in the antisense orientation, whereby said 

sweetness of a plant fruit is decreased as compared to the sweetness of. 

construct, said first DNA construct comprising, as operably linked 
components in the 5' to 3' direction of transcription, a first 
fruit specific promoter, and a maize DNA sequence 

encoding a polypeptide having sucrose phosphate synthase activity; and 
said second DNA construct comprising, as operably linked components in 
the 5 1 to 3' direction of transcription, a second fruit 



specific promoter and a DNA sequence encoding an acid 
invertase, wherein said first fruit specific 
promoter and said second fruit specific promoter are 
functional in said plant fruit cell. 

48. A method of decreasing the amount of sweetness of a plant fruit, 
said method comprising: growing a plant which. . . its genome a first 
DNA construct comprising, as operably linked components in the 5' to 3' 
direction of transcription, a fruit specific 

promoter and a DNA sequence encoding a corn, potato, spinach, rice or 
sugar beet sucrose phosphate synthase; and a second. . . 5 1 to 3 ' 
direction of transcription, a promoter functional in a plant fruit cell 
and a DNA sequence encoding acid invertase, wherein said DNA 
sequence encoding acid invertase is in the antisense 
orientation, whereby said amount of sweetness of a plant fruit is 
decreased as compared to the . 

its genome a first DNA construct comprising, as operably linked 
components in the 5' to 3' direction of transcription, a fruit 
specific promoter and a DNA sequence encoding a corn, potato, 
spinach, rice or sugar beet sucrose phosphate synthase; and a second. 

5' to 3 1 direction of transcription, a promoter functional in a plant 
fruit cell and a DNA sequence encoding acid invertase, wherein 
said sucrose phosphate synthase and said acid invertase are 
produced in said plant fruit, whereby said amount of sweetness of a 
plant fruit is increased as compared to. 

LI ANSWER 2 OF 5 USPATFULL 

ACCESSION NUMBER: 1999:69835 USPATFULL 

TITLE: Soluble solids modification using sucrose phosphate 

synthase encoding sequences 
INVENTOR (S) : Shewmaker, Christine K. , Woodland, CA, United States 

PATENT ASSIGNEE (S) : Calgene, LLC, Davis, CA, United States (U.S. 

corporation) 

NUMBER KIND DATE 



PATENT INFORMATION: US 5914446 19990622 

APPLICATION INFO.: US 1995-549016 19951027 (8) 

RELATED APPLN. INFO.: Continuation-in-part of Ser. No. US 1995-372200, filed 

on 12 Jan 1995, now patented, Pat. No. US 5750869 
DOCUMENT TYPE: Utility 
FILE SEGMENT: Granted 
PRIMARY EXAMINER: Robinson, Douglas W. 

ASSISTANT EXAMINER: Nelson, Amy J. 

LEGAL REPRESENTATIVE: Rae-Venter Law Group, P.C. 
NUMBER OF CLAIMS: 13 
EXEMPLARY CLAIM: 1 
LINE COUNT: 764 

CAS INDEXING IS AVAILABLE FOR THIS PATENT. 

AB This invention relates to methods for the utilization of sucrose 
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SUMM . . . conditions, such as those from napin, seed or leaf ACP, the 
small subunit of RUBISCO, patatin, zein, and the like. Fruit 
specific promoters are also known, one such promoter is the E8 
promoter, described in Deikman et al . (1988) EMBO J. 2:3315-332 0;. 
and DellaPenna et al . (1989) Plant Cell 1:53-63, the teachings of which 
are incorporated herein by reference. An E8-SPS construct (fruit 
-specific promoter) will express SPS in a fruit- 
specific manner, whereby the levels of sucrose produced in the 
fruit may be elevated. If coupled with antisense invertase, 
the increase in sucrose would be maintained. This is a particular issue 
in tomatoes where acid invertase present in the fruit drives 



the production of glucose and fructose from sucrose. 
DETD . . . fruit. The data of table 4 and 5 demonstrate that increased SPS 
activity from transgenic expression in fruit by a fruit 
specific promoter can produce an overall net increase in sugars 
in the fruit. Due to the endogenous acid invertase found in 
ripening tomato fruit, increases in sugar are found in glucose and 
fructose . 
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This invention relates to methods for the utilization of sucrose 



phosphate synthase encoding sequences to modify the soluble solids in 
plant sink tissue. 

SUMM . . . conditions, such as those from napin, seed or leaf ACP, the 
small subunit of RUBISCO, patatin, zein, and the like. Fruit 
specific promoters are also known, one such promoter is the E8 
promoter, described in Deikman et al . (1988) EMBO J. 2:3315-3320;. 
and DellaPenna et al . (1989) Plant Cell 1:53-63, the teachings of which 
are incorporated herein by reference. An E8-SPS construct (fruit 
-specific promoter) will express SPS in a fruit- 
specific manner, whereby the levels of sucrose produced in the 
fruit may be elevated. If coupled with antisense invertase, 
the increase in sucrose would be maintained. This is a particular issue 
in tomatoes where acid invertase present in the fruit drives 
the production of glucose and fructose from sucrose. 
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AB Transgenic plants that are modified to produce fruits that have altered 
levels of soluble solids compared to non-transgenic species of the same 
species are provided. The transgenic plants are modified by introduction 
of DNA constructs that encode invertase operatively linked to DNA 
encoding regulatory regions that direct transcription of the DNA 
encoding invertase and to DNA encoding sequences that direct proper 
processing of the invertase through the secretory pathways of the plant 
and targeting of the invertase to the vacuole. 

In particular, DNA constructs encoding tomato plant vacuolar invertase 
in operative linkage with a developmental ly regulated promoter region 
are provided. Preferred regulatory and structural DNA is obtained from 
genomic DNA clones and cDNA clones encoding tomato fruit vacuolar 
invertases from the commercial tomato plant, Lycopersicon esculentum, 
and wild tomato plant, Lycopersicon pimpinellif olium. 

Probes derived from the genomic DNA and cDNA, antibodies specific for 
tomato fruit invertase, and uses therefore, are also provided. 

SUMM In certain embodiments, DNA sequences which are fruit- 
specific developmentally controlled regulatory sequences, other 
than invertase regulatory sequences, are provided. DNA 
constructs in which these regulatory regions are operably linked to 
genomic or cDNA encoding invertase are also provided. In the 
most preferred embodiments, the regulatory regions are selected such 
that invertase is expressed to a greater extent and earlier 
during fruit ripening than in non-transgenic plants. 

DETD In addition, expression of the invertase gene in transgenic 

tomato plants may be accomplished, by operatively linking it to a 
developmentally regulated promoter. DNA encoding developmentally 
regulated promoter sequences obtained from the invertase 

structural gene and sequences that direct proper secretion and targeting 
of invertase have been identified and isolated, and DNA 
constructs containing DNA encoding invertase and fruit 
-specific genomic regulatory sequences are provided. 
DETD Preferred promoter regions and other regulatory sequences are those that 
are fruit specific and developmentally controlled. A 

preferred regulatory region is one which would promote expression of 
recombinant invertase at an earlier stage of tomato fruit 
development than occurs when the subject plant does not express 
recombinant invertase. Other embodiments include regulatory 
sequences that promote expression throughout fruit development. 
DETD TABLE I 



Purification of Invertase from L. esculentum Fruit 

Specific 

Activity 
Activity ( .mu. moles/ 
Protein ( . mu . moles 

min/mg Yield 

Purification 

(mg) /min.) protein) 

% 



./ 



Crude homogenate 

8012 71416 8.91 100 

Ammonium sulfate 

8175 61560 7.53. 

DETD Since the promoter sequences are development ally regulated and 
fruit-specific, tomato fruit tissues are assayed for 
invertase or GUS expression at various stages of fruit 
development. Invertase activity is determined according to the 
assay described in Example 1. GUS activity is determined according to 
the following protocol. 
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Transgenic plants that are modified to produce fruits that have altered 



levels of soluble solids compared to non-transgenic plants of the same 
species are provided. The transgenic plants are prepared by introducing 
into plants DNA constructs that encode invertase operatively linked to 
DNA encoding regulatory regions that direct transcription of the DNA 
encoding invertase and operatively linked to DNA encoding amino acids 
that direct proper processing of the invertase through the secretory 
pathways of the plant and targeting of the invertase to the vacuole. 



In particular, DNA constructs encoding tomato plant vacuolar invertase 
in operative linkage with a developmentally regulated promoter region 
are provided. Preferred regulatory and structural DNA is obtained from 
genomic DNA clones and cDNA clones encoding tomato fruit vacuolar 
invertases from the commercial tomato plant, Lycopersicon esculentum, 
and wild tomato plant, Lycopersicon pimpinellif olium. 



Probes derived from the genomic DNA and cDNA, antibodies specific for 
tomato fruit invertase, and uses therefor, are also provided. 
SUMM Thus, the designed pattern of expression of the invertase gene 

in transgenic tomato plants may be accomplished by operatively linking 
it to a developmentally regulated promoter. DNA encoding developmentally 
regulated regulatory sequences obtained from the invertase 
gene and sequences that direct proper secretion and targeting of 
invertase have been identified and isolated, and DNA constructs 
containing DNA encoding invertase and fruit- 



specific genomic regulatory sequences are provided. 

To accomplish the modification of invertase gene expression in 

tomato plants by transformation of tomato tissue with DNA encoding 

invertase, such DNA has been fused to developmentally responsive 

promoters. Preferred promoter regions and other regulatory sequences are 

those that are fruit specific and developmentally 

controlled. Such preferred regulatory regions include those that promote 

expression of recombinant invertase at an earlier stage of 

tomato fruit development than occurs when the subject plant does not 

express recombinant invertase. Other embodiments include 

regulatory sequences that promote expression throughout fruit 

development . 



